US 20050157202A1

a2 Patent Application Publication o) Pub. No.: US 2005/0157202 Al

a9 United States

Lin et al. (43) Pub. Date: Jul. 21, 2005
(549) OPTICAL MOUSE AND IMAGE CAPTURE (52)  US. Cli e vnevesevecenees 348/362
CHIP THEREOF
(76) Inventors: Chun-Huang Lin, Hsinchu (TW); 57) ABSTRACT
Jeng-Feng Lan, Hsinchu (TW)
An optical mouse and image capture chip thereof. The image
Correspondence Address: . . . . :
capture chip comprises an image sensor, a calculating logic
%i_IS(I)JII\EdYASIZIIfIéYDEN’ HORSTEMEYER & circuit, and a refreshing logic circuit. The image sensor has
> a plurality of sensor units, capturing an image according to
éOT(;EGléslaLERIA PARKWAY, NW an exposure parameter to provide a plurality of exposure
values. The calculating logic circuit provides an average
ATLANTA, GA 30339-5948 (US) exposure value by calculating the exposure values. If the
(21)  Appl. No.: 10/865,568 exposure sample is within a first exposure range, the refresh-
PPl O > ing logic circuit maintains the exposure parameter and
o accordingly drives the image sensor to capture a next image.
(22) Filed: Jun. 10, 2004 ok & p &
If the average exposure value is within a second exposure
(30) Foreign Application Priority Data range, the rfzfreshing logic circuit adjusts the exposure
parameter with a first exposure extreme and accordingly
Jan. 16, 2004 (TW).oooooioceoeeveeeeeeeeecceceeon 93101153  drives the image sensor to capture a next image. If the
average exposure value is within a third exposure range, the
Publication Classification refreshing logic circuit adjusts the exposure parameter with
a second exposure extreme and accordingly drives the image
(51) Int. CL7 oorcceeeeeseeeeieeesesennees HO4N 5/235 sensor to capture a next image.
5102
Setting the exposure parameter
! 5104

Yes

Exposing with the exposure parameter to
result a plurality of exposure values

| 8106

Resulting an average exposure value by
calculating the exposure values

Whether the average exposure

S112

le—{

Adjusting the exposure
parameter with an
exposure extreme within
the variable range of the
exposure parameter

Yes

/5116

Subtracting a

predetermined parameter|

from the present
exposure parameter

Yes

$120

Adding a predetermined
value to the present

exposure parameter

Yes

value is within a no:

Determining
Whether the average exposure
value is within an over-exposed
arga or aélaun er-

whether the average exposure
value is within a third

whether the average exposure
value is within a fourth

5122

Adjusting the exposure parameter
by other auxiliary tools or methods




US 2005/0157202 Al

Patent Application Publication Jul. 21,2005 Sheet 1 of 8

1-|I!lI-lllllnlllllulI:alllul
|
| 1€ 1€1 1€1

dSa k—~ ” av Tﬂ ] S e .

qo1 | f T 1 —T
!
0ST ]

11 m OLI “I [UXId| e+« |ITXId 11X1d _
|
| _ _
| | |
| _ XA | e .. |Toxad ZI1X1d |
|
i o : D
| ! [ ° ° !
| |
| _ WUXId | oo+ |wIX wiXId |
|
| —_ ] —_ )
N |
L o o e e



US 2005/0157202 Al

Patent Application Publication Jul. 21,2005 Sheet 2 of 8

dl ‘DId |

00—

\
‘zal
L 1198y |
| ew]H  aa %ﬂ
| m]
Nz__u__l ST
T __
m ISIA 17X1d
............. A
“ ew JH  aa %ﬁ
| w] “
m Nz_m__lmma |
m T ___
| 1SIA TXId |

IIIIII




Patent Application Publication Jul. 21,2005 Sheet 3 of 8 US 2005/0157202 A1

400

Image capture device
~410 420

Image sensor 411

e R A o e
4+ -4+ 44
I I
- T T T
i el e e Bl e
L+4—L¢ﬂ-L+4
N S D

Fra—rt+—F1T
LLJ L1l L1

Calculating device

430

Refresh device /431

Determining device

FIG. 2



Patent Application Publication Jul. 21,2005 Sheet 4 of 8

US 2005/0157202 Al

5102

Setting the exposure parameter

5104

Yes

Exposing with the exposure parameter to
result a plurality of exposure values

5106

Resulting an average exposure value by
calculating the exposure values

Determining
whether the average exposure

S112

Adjusting the exposure
parameter with an
exposure extreme within
the variable range of the
exposure parameter

Yes

-S116

Subtracting a
predetermined parameter|
from the present
exposure parameter

Yes

5120

Adding a predetermined
| value to the present
exposure parameter

Yes

FIG. 3

value is within a normal
exposure area

. S110
Determining
whether the average exposure
value is within an over-exposed
area or an under-
exposed area

> S114
Determining
whether the average exposure
value is within a third
gxposure area

Determining
whether the average exposure

value is within a fourth
exposure area

Adjusting the exposure parameter
by other auxiliary tools or methods




Patent Application Publication Jul. 21,2005 Sheet 5 of 8 US 2005/0157202 A1

Range AE
1 E
10 Max 1 Range .
——————————————— N A
11 — \\
_______________ A \\ High
AN ./
N\ 230
20 —
“““““““““““““ T 120
30 — )
_______________ - 90
40 —1
Low
""""""""""""" /
51 — /
_______________ 4
50 —t




US 2005/0157202 Al

Patent Application Publication Jul. 21,2005 Sheet 6 of 8

¢ DIA

Uy [~ P x4
L e m
J EEEN [ S D S B [ [0 [9sY
m i 19ang m
L _ _ _I JUASA
S s »



Jul. 21,2005 Sheet 7 of 8 US 2005/0157202 A1

Patent Application Publication

9 'DIA

[~ . UWoaulA

N N
N N
N .
N N
N N

I s gaua

. T euiA

~ ~
N ~

| SRR -1 11 N

Y kS

N N A Y
N A Y \ —
~ N N
R LI .
Y ~ ~
A Y A ~
. ~ Y
AY N ~
Y N A
Y N Y
N A N
AY ~ N\ N\
W= i s i st Em s P s == =P
~ N ) A
N Y
. . dxa . dxaun
. . L . L
N Y AY




Patent Application Publication Jul. 21,2005 Sheet 8 of 8 US 2005/0157202 A1

510 520 530

VAVAeyd

—3500

| I |
/////7//////////):\
1 1 AV4 1 1

FIG. 7




US 2005/0157202 A1l

OPTICAL MOUSE AND IMAGE CAPTURE CHIP
THEREOF

BACKGROUND OF THE INVENTION
[0001] 1. Field of the Invention

[0002] The invention relates to an optical mouse having an
image capture chip, and more particularly to an image
capture chip capable of effectively adjusting an exposure
value.

[0003] 2. Description of Related Art

[0004] Recently, image capture chips are widely used in
various digital devices such as digital cameras, video cam-
eras, and optical pointing devices. Image capture chips play
an important role in capturing a projected image of an object
for subsequent related digital image processing. Based on a
theory of exposure, the image capture chip adjusts an
exposure parameter according to an illumination of the
object, thereby determining a suitable exposure duration.

[0005] Thus, by using the adjusted exposure parameter,
the corresponding average exposure value thereof is able to
be converged within a normal-exposure range, even if the
illumination of the object is too dark or too bright.

[0006] FIG. 1A is a diagram of a conventional image
capture chip. Each of the pixel units PIX11~PIXnm is a
pixel circuit of the image sensor 100. The image capture chip
10, initially, reads captured image data line by line and stores
the pixel signals of the pixel units PIX11~PIXom via a
signal reading circuit 130. The pixel signals of the signal
reading circuit 130 are amplified by an amplifier 150.
Finally, the A/D converter 170 converters the amplified pixel
signals into a plurality of digital pixels. Thus, a digital signal
processor (DSP) 11 accordingly performs related image
processing such as calculating the average exposure value or
displaying the captured image.

[0007] FIG. 1B is a diagram of the image sensor 100 of
FIG. 1A. If a CMOS M2 is turned on according to a reset
signal RES, the potential across an optical diode PD is
charged to a voltage Vrst. The voltage Vrst decreases as the
optical diode PD is exposed under the illumination of the
image. Each row of sensor units PIX1m~PIXnom as shown in
FIG. 1A comprises its storage 131. When a NMOS M3 is
turned on by a select signal RSEL2, the residual voltage
across the optical diode PD is transformed into a current
across an NMOS M1. The current charges a corresponding
storage 131 of a signal reading circuit 130. The charge of
each storage 131 is referred to as an illumination value of the
corresponding pixel unit.

[0008] The illumination intensity and the illumination
duration of the optical diode PD are referred to as an
exposure intensity and an exposure duration of the image
sensor 100, respectively. Based on the theory “Exposure
value=Exposure intensity*Exposure duration”, the exposure
value can be adjusted if the exposure duration or the
illumination duration is changed. Hence, to maintain the
exposure quantity, the exposure duration is decreased when
the exposure intensity is increased. Alternatively, the expo-
sure duration is increased when the exposure intensity is
decreased.

[0009] Generally, an exposure parameter is provided for
adjusting the exposure duration. For example, to increase the
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exposure value according to the conventional exposure
control method, the exposure parameter is linearly added
with a predetermined exposure parameter. Alternatively, for
decrease the exposure value, the exposure parameter is
linearly subtracted by a predetermined exposure parameter.

[0010] Tt is difficult, however, to define the predetermined
exposure parameter of the conventional exposure control
method. For example, if the exposure parameter is adjusted
with an excessively large predetermined exposure param-
eter, the illumination of a digital image is substantially
changed. Thus, it is difficult to converge the corresponding
exposure value into a normal-exposure range. Similarly, if
the exposure parameter is adjusted by an excessively small
predetermined exposure parameter, the illumination of the
object is changed slightly. Thus, numerous adjustment steps
are only required, resulting in slow convergence. Hence, the
digital image is excessive dark or excessive bright due to a
long exposure duration, thus the image quality is adversely
affected.

SUMMARY OF THE INVENTION

[0011] The object of the invention is to efficiently adjust an
exposure parameter according to the illumination of a cap-
tured object. Thus, the corresponding exposure value can be
rapidly adjusted to be within the normal-exposure range.

[0012] Accordingly, the present invention provides an
image capture chip, comprising an image sensor, a calcu-
lating logic circuit, and a refreshing logic circuit. According
to an exposure parameter, the image sensor comprising a
plurality of sensor units captures an image to provide a
plurality of exposure values. The calculating logic circuit
calculates an average exposure value according to the expo-
sure values.

[0013] If the average exposure value is within a first
exposure range, the refreshing logic circuit maintains the
exposure parameter, and accordingly drives the image sen-
sor to capture a next image. If the average exposure value is
within a second exposure range, the refreshing logic circuit
adjusts the exposure parameter according to a first exposure
extreme, and accordingly drives the image sensor to capture
a next image. If the average exposure value is within a third
exposure range, the refreshing logic circuit adjusts the
exposure parameter according to a second exposure
extreme, and accordingly drives the image sensor to capture
a next image.

[0014] The first exposure range, is referred to as a normal-
exposure range, the second exposure range is referred to as
an over-exposure range, and the third exposure range is
referred to as an under-exposure range.

[0015] Furthermore, the image capture chip is capable of
determining whether the captured image meets an image
quality condition according to an image feature prior to
determining whether the average exposure value is within
the normal-exposure range.

[0016] Accordingly, the present invention provides an
image capture chip, comprising an image sensor, a calcu-
lating logic circuit, and a refreshing logic circuit. According
to an exposure parameter, the image sensor comprising a
plurality of sensor units captures an image to provide a
plurality of exposure values. The calculating logic circuit
calculates an average exposure value according to the expo-
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sure values. The refreshing logic circuit at least comprises a
determining logic circuit, which is capable of determining
whether the captured image meets an image quality condi-
tion.

[0017] Thus, when the captured image meets the image
quality condition, the refreshing logic circuit maintains the
exposure parameter even if the average exposure value is
within the over-exposure range or the under-exposure range.

[0018] Additionally, both of the image capture chips can
be disposed in an optical mouse, for improving operational
sensitivity of the optical mouse.

[0019] Accordingly, the present invention provides an
optical mouse with an image capture chip. The optical
mouse comprises a light source, an optical lens, an image
sensor comprising a plurality of sensor units, a calculating
logic circuit, and a refreshing logic circuit. The light source
illuminates an object to obtain a reflected image. The optical
lens projects the reflected image to result a projected image.
The image sensor captures the projected image according to
an exposure parameter to provide a plurality of exposure
values. The calculating logic circuit calculates an average
exposure value according to the exposure values. The
refreshing logic circuit is capable of determining whether
the captured image meets an image quality condition.

[0020] To determine whether the exposure parameter
requires to be adjustment. The refreshing logic circuit is
capable of distinguishing the image quality of the captured
image before or after determining whether the correspond-
ing average exposure value is within the normal-exposure
range.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The invention will become apparent by referring to
the subsequent detailed description of a preferred embodi-
ment with reference to the accompanying drawings,
wherein:

[0022] FIG. 1A is a diagram of a conventional image
capture chip;

[0023] FIG. 1B is a diagram of the image sensor 100 of
FIG. 1A,
[0024] FIG. 2 is a diagram of an image capture chip of the

present invention;

[0025] FIG. 3 is a flowchart of the exposure control
method of the present invention;

[0026] FIG. 4 is a schematic diagram of the exposure
parameter adjustment process of the present invention;

[0027] FIG. 5 is a chronological chart of an image sensor
reading an image of the present invention;

[0028] FIG. 6 is a schematic diagram of the exposed
duration and the unexposed duration; and

[0029] FIG. 7 is a schematic diagram of an optical mouse
of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0030] The object of the invention is to efficiently adjust
an exposure parameter according to the illumination of a
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captured object. Thus, the corresponding exposure value can
be rapidly adjusted to be within the normal-exposure range.

[0031] FIG.?2 is a diagram of an image capture chip of the
present invention. Image capture chip 400 comprises an
image sensor 410 having a plurality of sensor units 411, a
calculating logic circuit 420, and a refreshing logic circuit
430. When the image capture chip 400 captures an image,
according to an exposure parameter, the image sensor 410
provides a plurality of exposure values via the sensor units
411. When receiving the exposure values, the calculating
logic circuit 420 calculates an average exposure value
according to the exposure values. The refreshing logic
circuit 430 adjusts the exposure parameter according to the
exposure sample to change the exposure duration of the
image sensor 410. Thus, an unexpected average exposure
value can be adjusted to be within the normal-exposure
range.

[0032] FIG. 3 is a flowchart of the exposure control
method of the present invention. Initially, Step S102 sets an
exposure parameter of an image sensor. Step S104 follows
and sets the exposure duration of the image sensor according
to the exposure parameter, and then executes an exposure to
capture an image via the image sensor. After exposure via
the image sensor, the voltage across the optical diodes PD in
FIG. 1A and FIG. 1B is read by the signal reading circuit
130, and the charge corresponding to the voltage is stored in
the corresponding storage 131.

[0033] Step S106 follows and provides the average expo-
sure value according to the charge of each storage 131. Step
S108 follows and determines whether the average exposure
value is in a normal-exposure range. If the result of step
S108 is positive, step 104 follows and maintains the present
exposure parameter and executes an exposure to capture a
next image via the image sensor.

[0034] If the result of step S108 is negative, step S110
follows and determines whether the average exposure value
is in an over-exposure range or an under-exposure range. If
the result of step S110 is positive, step S112 follows and
adjusts the exposure parameter according to an exposure
extreme within the variable range of the exposure parameter.
Step S104 follows and executes an exposure to capture a
next image according to the adjusted exposure parameter via
the image sensor.

[0035] For example, if the average exposure value is
within the over-exposure range, the image capture chip 400
calculates a new exposure parameter by averaging a mini-
mum exposure parameter and the present exposure param-
eter. Similarly, if the average exposure value is within the
under-exposure range, the image capture chip 400 calculates
a new exposure parameter by averaging a maximum eXpo-
sure parameter and the present exposure parameter.

[0036] If the result of step S110 is negative, step S114
follows and determines whether the average exposure value
is between the normal-exposure range and the over-exposure
range, the third exposure range. If the average exposure
value is within the third exposure range, step S116 follows
and calculates a new exposure parameter by subtracting a
predetermined parameter from the present exposure param-
eter, and then, step S104 follows and executes an exposure
to capture a next image according to the new exposure
parameter via the image sensor.
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[0037] If the result of step S114 is negative, step S118
follows and determines whether the average exposure value
is between the normal-exposure range and the under-expo-
sure range, the fourth exposure range. If the average expo-
sure value is within the fourth exposure range, step S120
follows and calculates a new exposure parameter by adding
a predetermined parameter to the present exposure param-
eter, and then, step S104 follows and executes an exposure
according to the new exposure parameter via the image
sensor.

[0038] If the average exposure value is not within the
normal-exposure range, when the exposure parameter equals
maximum exposure parameter, the image sensor is not able
to execute an exposure according to the illumination of the
captured image. Thus, step S122 follows and adjusts the
illumination of the captured image by other auxiliary tools
or methods. For example, a photoflash is used to illuminate
the object, thereby enhancing the illumination of the cap-
tured image.

[0039] FIG. 4 is a schematic diagram of the exposure
parameter adjustment process of the present invention. The
right scale Range E can be divided into a plurality of
sub-ranges defined by two exposure parameters, and simi-
larly, the left scale Range_AE can be divided into a plurality
of sub-ranges defined by two average exposure values. The
scale Range_AE includes an over-exposure range 11, a high
exposure range 20, a normal-exposure range 30, a low
exposure range 40, and an under-exposure range S51.

[0040] If the maximum value Max and minimum value
Min of the exposure parameter are 235 and 20, respectively,
a predetermined exposure parameter M is 10, a present
exposure parameter is 230, and an average exposure value
caused by the present exposure parameter is within the
over-exposure range 11. Additionally, an average exposure
value is within the normal-exposure range 30 if its corre-
sponding exposure parameter is between 90~120. Thus, the
exposure control method is used for adjusting the present
exposure parameter until the present exposure parameter is
within the 90~120 range.

[0041] According to the present invention, initially, the
new exposure parameter is calculated by averaging the
minimum value Min and the present exposure parameter.
Thus, the new exposure parameter is equal to 125 calculated
by averaging 20 and 230. The image capture chip then
executes an exposure to capture a next image according to
the new exposure parameter. Thus, a new average exposure
value caused by the new exposure parameter is provided and
can be within the high exposure range 20. According to the
exposure control method of the present invention, the new
exposure parameter must be subtracted from the predeter-
mined exposure parameter M, 10. Hence, a new exposure
parameter is equal to 115 or between 90~120. Obviously, a
new average exposure value caused by the new exposure
parameter can be converged within the normal-exposure
range 30. Following the steps as mentioned, to achieve a
new average exposure value within the normal-exposure
range 30, the present exposure parameter is adjusted only
twice according to the present invention.

[0042] Contrary to the present invention, by using the
conventional exposure control method, the exposure param-
eter is adjusted by continuously adding or subtracting a
predetermined exposure parameter L until the corresponding
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average exposure value is within the normal-exposure range
30. If the predetermined exposure parameter L is 20, a new
exposure parameter equal to 110 is derived by calculating
the equation: 230-6*20. Thus, a new average exposure
value resulting from the new exposure parameter is con-
verged into the normal-exposure range 30. According to the
above description, the present exposure parameter must be
adjusted six times. Hence, the conventional exposure control
method requires more adjustment steps than the present
invention. Obviously, the exposure control method of the
present invention has faster convergence speed than the
conventional method.

[0043] FIG. 5 is a chronological chart of an image sensor
of the present invention reading an image. In FIG. 5, T, is
pixel time which refers to a pixel reading duration, N, is
the total number of pixel times for reading a line, thus, a line
time Ty, is defined as “Ty,,=T,*N,,,”. Ny is the total
number of line times for reading a frame, thus, a frame time
Tripe is defined as “Tyg, =T, *N,,*Ny¢”. Additionally, V, .
is a synchronous signal for receiving pixel signals by the
image sensor, and R,  is a select signal for selecting which
one of the row of the pixel units is to be charged.

[0044] For example, suppose that the pixel time T, is 1 us,
number N ; is 40, and the number N is 20, thus a line time
Txippi i 40 us according to the product of the pixel time T,
and the number N, ;. The frame time Ty, or the longest
exposure duration is equal to 800 us according to the product
of the line time Ty, and the number N .. Hence, a frame
rate is equal to 1250 frame/sec by calculating the inverse
value of the frame time Ty

[0045] Accordingly, if fixing the pixel time as T, and the
number as N, ;, the longest exposure duration Ty;p¢ and the
frame rate can be adjusted by only adjusting the number
N, For example, if the number Ny . is increased to 40, the
longest exposure duration Ty, is increased to 1600 (us),
thus the frame rate is decreased to 625 (frame/sec), increas-

ing the exposure duration.

[0046] With reference to the illumination as shown in
FIG. 1B, when capturing an image, the image sensor can
enable the NMOS M2 by the reset signal RES to determine
a start time of the optical diode PD to be illuminated, thereby
controlling the exposure values of the image sensor 100.

[0047] Thus, the present invention also provides two
parameters, which comprising a pixel number N, and a line
number N, to set a starting time of the reset signal RES. The
start time of the reset signal RES is adjusted by the pixel
number N, and the line number N, thus the unexposed
duration T, is able to be calculated by the pixel number

unexp

N,, and line number N, as the following equation:

Tnesp = Tp s (Np + Nppy £ Np)

=Tp*Np + Tppr + N

[0048] For example, suppose that the pixel time T, is 1 us,
the number N ; is 40, and the number Ny  is 20, thus, the
frame time Ty, or the longest exposure duration is equal to
800 us. Additionally, suppose that an unexposed duration
T“nexp is equal to the duration of reading three lines and ten
pixels. Thus, the pixel number N, is 10, and the line number
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N, is 3. Hence, following the equations as mentioned, the
unexposed duration T, is equal to 130 us.

unexp

[0049] Additionally, an exposed duration T_, is calcu-
lated by subtracting the unexposed duration T,,,.,,, from the
longest exposure duration as shown in following equation:

Texp=Txipr~Tunexp

[0050] Hence, the exposed duration T, is equal to 670
(us). If the illumination of the image is increased, the
exposure duration can be decreased by adjusting the pixel
number N, and line number N; to obtain a suitable exposure
parameter. For example, the pixel number N is increased to
30 and the line number N, is maintained, and the unexposed
duration T, is then increased to 150 ps and the exposed

R UDS){P
duration T, is decreased to 650 us.

[0051] FIG. 6 is a schematic diagram of the exposed
duration and the unexposed duration. RES_1 to RES_n are
represented as n-rows reset control signal, respectively. The
Vime 1 10 Vi, are represented by n-rows pixel exposure
duration, respectively.

[0052] Generally, to maintain stable frame rate, adjust-
ment of the number N . is not required. Hence, if the frame
time Ty, is maintained, the reset signal RES can be
determined by adjusting the unexposed duration T,,,.,, or
the exposure duration of the image sensor.

[0053] Furthermore, the present invention provides an
optical mouse comprising the image capture chip. If the
feature of an image is recognized by the image capture chip,
the optical mouse is capable of processing related image
procedures without adjustment the exposure parameter.
Hence, to determine whether the exposure parameter
requires adjustment, the image capture chip is capable of
distinguishing the image quality of the captured image
before or after determining whether the corresponding aver-
age exposure value is within the normal-exposure range.

[0054] To achieve the above, the refreshing logic circuit
430 as shown in FIG. 2 also comprises a determining logic
circuit 431, which is capable of determining whether the
captured image meets an image quality condition.

[0055] The image quality condition is determined accord-
ing to features of a one-dimensional image. For example, a
sinusoidal function wave is obtained according to the bright-
ness of each pixel, number of features of the one-dimen-
sional image can then be obtained by counting the number
of peaks in the sinusoidal function wave. Thus, according to
the number of features, the image capture chip 400 is
capable of determining whether the captured image meets
the image quality condition. Similarly, in a two-dimensional
image, the image quality condition is determined by a
two-dimension image processing method. For example, a
two-dimensional function wave is drawn according to the
brightness of each pixel. It can then determine the number
of features according to a plurality of characteristics such as
rolling hills of the two-dimensional functional wave. Thus,
the image quality of the two-dimensional image is deter-
mined by comparing the number of features with a prede-
termined table, which stores various conditions with feature
number and corresponding image quality.

[0056] The method for determining image quality is not
limited to the method disclosed, but can include any image
processing method.
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[0057] If the captured image meets the image quality
condition, the exposure parameter is maintained even if the
average exposure value is within the over-exposure range or
the under-exposure range. In addition, if the captured image
does not meet the image quality condition, and the average
exposure value is within the over-exposure range or the
under-exposure range, the exposure parameter is adjusted.

[0058] FIG. 7 is a schematic diagram of an optical mouse
of the present invention. Optical mouse 500 comprises a
light source 510, an optical lens 520, and a image capture
chip 530, wherein the light source 510 is light emitting diode
(LED).

[0059] When the LED illuminates an object, light is
reflected to the optical lens 520 and projected on the image
capture chip 530, whereby the image capture chip 530
executes subsequent related image process procedures.

[0060] While the invention has been described by way of
example and in terms of the preferred embodiments, it is to
be understood that the invention is not limited to the
disclosed embodiments. To the contrary, it is intended to
cover various modifications and similar arrangements (as
would be apparent to those skilled in the art). Therefore, the
scope of the appended claims should be accorded the
broadest interpretation so as to encompass all such modifi-
cations and similar arrangements.

What is claimed is:
1. An image capture chip, comprising:

an image sensor with a plurality of sensor units, capturing
an image to provide a plurality of exposure values
when determining an exposure parameter;

a calculating logic circuit, calculating an average expo-
sure value of the exposure values; and

a refreshing logic circuit,

maintaining the exposure parameter if the average
exposure value is within a first exposure range, and
accordingly driving the image sensor to capture a
next image;

adjusting the exposure parameter according to a first
exposure extreme if the average exposure value is
within a second exposure range, and accordingly
driving the image sensor to capture a next image; and

adjusting the exposure parameter according to a second
exposure extreme if the average exposure value is
within a third exposure range, and accordingly driv-
ing the image sensor to capture a next image;

wherein, the first exposure range is between the second
exposure range and the third exposure range, and, the
first exposure extreme and the second exposure
extreme are referred to as a maximum parameter and a
minimum parameter, respectively, within the variable
range of the exposure parameter.

2. The image capture chip of claim 1, the refreshing logic
circuit further comprising a determining logic circuit, deter-
mining whether the captured image meets an image quality
condition;

wherein, the refreshing logic circuit maintains the expo-
sure parameter if the captured image meets the image
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quality condition and accordingly drives the image
sensor to capture a next image.

3. The image capture chip of claim 1, wherein the
refreshing logic circuit further adjusts the exposure param-
eter according to a predetermined parameter if the captured
image is within a fourth exposure range, and accordingly
driving the image sensor to capture a next image;

wherein, the fourth exposure range is between the first

exposure range and the second exposure range.

4. The image capture chip of claim 1, wherein the
refreshing logic circuit further adjusts the exposure param-
eter according to a predetermined parameter if the captured
image is within a fifth exposure range, and accordingly
driving the image sensor to capture a next image;

wherein, the fifth exposure range is between the first

exposure range and the third exposure range.

5. The image capture chip of claim 1, wherein the
exposure parameter comprises a pixel number, a line num-
ber, and a total number of line times for reading a frame.

6. An image capture chip, comprising:

an image sensor with a plurality of sensor units, capturing
an image to provide a plurality of exposure values
when determining an exposure parameter;

a calculating logic circuit, calculating an average expo-
sure value of the exposure values; and

arefreshing logic circuit at least comprising a determining
logic circuit, determining whether the captured image
meets an image quality condition;

wherein, if the captured image meets the quality condi-
tion, the refreshing logic circuit maintains the exposure
parameter and accordingly drives the image sensor to
capture a next image, and if the captured image does
not meet the quality condition, the refreshing logic
circuit determines the exposure parameter and accord-
ingly drives the image sensor to capture a next image.

7. The image capture chip of claim 6, wherein,

if the captured image meets the image quality condition,
and the average exposure value is within a first expo-
sure range, a second exposure range, or a third expo-
sure range, the refreshing logic circuit maintains the
exposure parameter, and accordingly drives the image
sensor to capture a next image;

if the captured image does not meet the image quality
condition, and,

if the average exposure value is within the second
exposure range, the refreshing logic circuit adjusts
the exposure parameter according to a first exposure
extreme, and accordingly drives the image sensor to
capture a next image;

if the average exposure value is within the third expo-
sure range, the refreshing logic circuit adjusts the
exposure parameter according to a second exposure
extreme, and accordingly drives the image sensor to
capture a next image;

wherein, the first exposure range is between the second
exposure range and the third exposure range, and, the
first exposure extreme and the second exposure
extreme are referred to as a maximum parameter and a
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minimum parameter, respectively, within the variable
range of the exposure parameter.

8. The image capture chip of claim 7, wherein, if the
captured image is within a fourth exposure range, the
refreshing logic circuit further adjusts the exposure param-
eter according to a predetermined parameter and accordingly
drives the image sensor to capture a next image;

wherein, the fourth exposure range is between the first

exposure range and the second exposure range.

9. The image capture chip of claim 7, wherein if the
captured image is within a fifth exposure range, the refresh-
ing logic circuit further adjusts the exposure parameter
according to a predetermined parameter and accordingly
drives the image sensor to capture a next image;

wherein, the fifth exposure range is between the first

exposure range and the third exposure range.

10. The image capture chip of claim 6, the exposure
parameter comprises a pixel number, a line number, and a
total number of line times for reading a frame.

11. An optical mouse, comprising:

a light source, illuminating an object to generate a
reflected image;

an optical lens, projecting the reflected image to generate
a projected image;

an image sensor with a plurality of sensor units, capturing
the projected image to provide a plurality of exposure
values when determining an exposure parameter;

a calculating logic circuit, calculating an average expo-
sure value of the exposure values; and

a refreshing logic circuit,

maintaining the exposure parameter if the average
exposure value is within a first exposure range, and
accordingly driving the image sensor to capture a
next image;

adjusting the exposure parameter according to a first
exposure extreme if the average exposure value is
within a second exposure range, and accordingly
driving the image sensor to capture a next image; and

adjusting the exposure parameter according to a second
exposure extreme if the average exposure value is
within a third exposure range, and accordingly driv-
ing the image sensor to capture a next image;

wherein, the first exposure range is between the second
exposure range and the third exposure range, and, the
first exposure extreme and the second exposure
extreme are referred to as a maximum parameter and a
minimum parameter, respectively, within the variable
range of the exposure parameter.

12. The optical mouse of claim 11, the refreshing logic
circuit further comprising a determining logic circuit,
capable of determining whether the projected image meets
an image quality condition;

wherein, if the projected image meets the image quality

condition, the refreshing logic circuit maintains the

exposure parameter and accordingly captures a next
image via the image sensor.

13. The optical mouse of claim 11, wherein the refreshing

logic circuit further adjusts the exposure parameter accord-
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ing to a predetermined parameter if the average exposure
value is within a fourth exposure range, and accordingly
drives the image sensor to capture a next image;

wherein the fourth exposure range is between the first

exposure range and the second exposure range.

14. The optical mouse of claim 11, wherein the refreshing
logic circuit further adjusts the exposure parameter accord-
ing to a predetermined parameter if the average exposure
value is within a fifth exposure range, and accordingly drives
the image sensor to capture a next image;

wherein a fifth exposure range is between the first expo-

sure range and the third exposure range.

15. The optical mouse of claim 11, the exposure param-
eter comprises a pixel number, a line number, and a total
number of line times for reading a frame.

16. An exposure control method, for adjusting an expo-
sure parameter of an image sensor, comprising following
steps:

setting the exposure parameter of the image sensor;

exposing with the exposure parameter to result a plurality
of exposure values;

resulting an average exposure value by calculating the
exposure values;

determining whether the average exposure value is within
a first exposure area, a second exposure area, or an third
exposure area;

maintaining the exposure parameter if the average expo-
sure value is within a first exposure range;
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adjusting the exposure parameter according to a first
exposure extreme if the average exposure value is
within a second exposure range; and

adjusting the exposure parameter according to a second
exposure extreme if the average exposure value is
within a third exposure range;

wherein, the first exposure range is between the second
exposure range and the third exposure range, and, the
first exposure extreme and the second exposure
extreme are referred to as a maximum parameter and a
minimum parameter, respectively, within the variable
range of the exposure parameter.

17. The exposure control method of claim 16, wherein,
the exposure control method further comprises following
step of adjusting the exposure parameter according to a
predetermined parameter if the average exposure value is
within a fourth exposure range;

wherein, the fourth exposure range is between the first

exposure range and the second exposure range.

18. The exposure control method of claim 16, wherein,
the exposure control method further comprises following
step of adjusting the exposure parameter according to a
predetermined parameter if the average exposure value is
within a fifth exposure range;

wherein a fifth exposure range is between the first expo-
sure range and the third exposure range.

19. The exposure control method of claim 16, wherein,

the exposure parameter comprises a pixel number, a line

number, and a total number of line times for reading a frame.
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